During the first years of operation a number of good quality teleseismic events were recorded. This gives the opportunity for a first determination of crustal and mantle structure beneath the station by using receiver function (RF) and SKS split− ting techniques. The Moho depth determined using RF is about 32 km beneath HSPB. Signifi− cant amplitudes on the transverse components of the RF indicate a shallowly dipping discon− tinuity (sedimentary−basement) towards the south−west. The fast polarization of SKS phases is near parallel to the border between the continental and the oceanic crust and the Hornsund fault (a = 151.8°). The average time delay dt between "fast" and "slow" directions is 0.68 s, which implies ca. 2% anisotropy in a 100-200 km thick layer in the mantle.
Introduction
Spitsbergen is located in the Arctica, on the north−western part of the Barents Sea continental platform and is bordered to the west and to the north by passive continental margins with transition to oceanic crust (Fig. 1) . In general this is an area of transition from 30-35 km thick continental crust in the east, to oceanic crust with Moho at 10-15 km depth in the west. The Hornsund Fault, the promi− nent tectonic structure which parallels the Spitsbergen coast to the west, can be traced from Bjørnøya at ca. 75°N, to about 79°N (Sundvor and Eldholm 1979; Sundvor and Eldholm 1980; Fig. 1) . The spreading axis in the Greenland Sea is to− day represented by the Knipovich Ridge. This is an area of interest because of its structure and geodynamic processes, however logistically difficult to access for detailed studies. This area was one of the subjects of the 4th International Polar Year Panel "Plate Tectonics and Polar Gateways". The international project "The Dynamic Continental Margin Between the Mid−Atlantic−Ridge System (Mohns Ridge, Knipovich Ridge) and the Bear Island Region" focused on multi−disciplin− ary seismic studies (broadband long−term Ocean Bottom Seismometers (OBSs) and land stations, local seismicity, seismic refraction and reflection profiling), per− formed in two arctic summer seasons in 2007 (Grad et al. 2009 ). The yellow line shows a part of the Horsted'05 seismic profile (Czuba et al. 2008 ; for crustal cross section see Fig. 10 ). Thick blue bar shows "fast" polariza− tion of SKS phases which is near parallel to the border between the continental and oceanic crust (a = 151.8°). HF -Hornsund Fault; MD -Moloy Deep.
Institute of Geophysics, Polish Academy of Sciences (which is now responsible for its operation, service and data transfer). The station was equipped with a three−component Streckeisen STS−2 seismometer and a Güralp CMG−DM24 data logger. The sensor was installed on a gabbro plate laying on a concrete plinth and protected against tilt, air pressure and temperature fluctuations by few layers of foamed polystyrene, a stainless steel helmet and an aluminium box ( Fig. 2 ) follow− ing suggestions by Wielandt and Widmer−Schnidrig (2002) . The power supply is coming from the ca. 300 m distant Polish Polar Station Hornsund. The data are sampled with 1, 0.1 and 0.01 s (corresponding to 1, 10 and 100 Hz) and sent by cable transmission to the Polish Polar Station Hornsund. The raw data are archived on DVD and external disc storage and sent approximately each month to NORSAR and to the Institute of Geophysics PAS. The new HSPB station has the coordi− nates: f = 77.0019°N, l = 15.5332°E, H = 11 m a.s.l.
Data
The installation of the broadband station at HSPB has raised the question on the quality of the recording. The best insight into the seismic noise level is rendered by the power spectral density p(t) which is the Fourier transform of the autocorrelation function p(t) = <f(t)·f(t+t)>, where f(t) is the seismic signal and the "<…>" denote averaging over time t (Havskov and Aguacil, 2004) . Best visual effect is achieved in case of acceleration power spectral density, as the velocity and displacement power spectra usually fall off with frequency and thus are more difficult to perceive by eye. The power spectra for HSPB have been calculated from Z component for 10−minute time windows selected each month on the same days of the month (13 th ) and the same time of the day (06:00-06:10 UT). Results are presented in Fig. 3 . Generally the shape of the power spectra remains similar over the whole year with the exceptions of February and August. The high noise in August can be attributed to human activity around the HSPB Polar Base, increased while seasonal summer activities, in particular repairs and construction are in progress. The high noise in February is most likely caused by a stretch of extremely bad weather. Apart from (Peterson, 1993) . The scale of axes are logarithmic. The spectra are presented in units of decibels re− ferred to 1 (counts) 2 /Hz (left side of plots) and 1 (m/s 2 ) 2 /Hz (right side of plots). those two months, noise level at HSPB falls to mid−way between the High and Low Noise Model (Peterson 1993) . This result could have been anticipated for a site that is away from sources of cultural noise but located a few hundred meters from the sea and exposed to gusts of wind. The HSPB broadband station began operation in late September 2007. In this paper we use selected seismograms recorded before the end of February 2009. Al− though it is a short time interval of about 18 months, a number of good quality teleseismic events were recorded. Details for all used events were put together in Ta Table 1 for details.
by Langston (1979) and since that time it is still being developed (e.g. Owens et al. 1984; Cassidy 1992; Kind et al. 1995) . A receiver function calculated from tele− seismic P−waves contains only information about the structure beneath the station. Ammon (1991) has shown that the receiver function for a one−dimensional structure can be written as a scaled version of the radial component of the seismogram with P multiples removed. For a teleseismic P−wave ( Fig. 7a ) impinging on a stack of hori− zontal homogeneous layers beneath the station we should not observe any seismic Table 1 for details.
energy on the tangential component of the seismogram. The receiver function for one−dimensional structures contains only the P−to−S converted phases with P multi− ples removed (Fig. 7b) . Their arrival times (calculated relative to the arrival of the direct P−wave) depend on the depth of the discontinuities and the S−wave velocity in the layers. Amplitudes of the receiver function depend on the contrast of seismic ve− locities at the boundary. These results are also valid for more complicated laterally homogeneous media with dipping discontinuities. But in this case, the energy of the converted waves also contributes to the tangential component (Cassidy 1992) . What is more, we can observe very typical azimuthal variation of the radial and the tangen− tial receiver functions caused by dipping discontinuities (Fig. 7c) without any en− ergy on the tangential receiver function for waves travelling in the downdip or updip direction of the discontinuity. The amplitudes of the converted phases also change their signs in reference to the downdip and updip direction. That can allow us to esti− mate the value of the strike of dipping interface. The HSPB seismograms of P−waves from teleseismic events in the distance range 30-92°were rotated into L, Q and T components, cut into time windows 10 s before and 80 s after the first arrival of P waves calculated from the iasp91 model (Kennett and Engdahl 1991). Then, the Q and T components were deconvolved with the L components of seismograms, respectively in the frequency domain after apply− ing a water−level correction with water−level parameter equal 0.01 and the high fre− quencies within the signals were suppressed using a lowpass Gaussian filter with a parameter of 2 (frequencies up to about 1 Hz). Additionally, a normalization proce− dure is applied which preserves the absolute amplitude information (Ammon 1991) . The results of the component divisions, the water−level procedure and the Gaussian filtering are then transformed back to time−domain by Inverse Fourier Transform. Each receiver function was then moveout corrected for a slowness of 6.4 s/°. Fig. 8 shows the stacked Q (RFQ) and T (RFT) components of the receiver functions in 18 slowness bins of 0.17 s/°wide (Fig. 8a ) and in 18 backazimuth bins of 20°wide (Fig.  8b) . The overlapping of the bins in each case were 50%. The change of the shape of the receiver functions with slowness and backazimuth is clearly visible. For example there is a big difference in amplitudes and signal width of phases converted from the Moho discontinuity for teleseismic events from south−west and north−east (RFQ, Fig. 8b ). This is a clear indication that the structure beneath the seismic station must differ depending on the backazimuth direction. We can observe very clear P−to−S conversions from the Moho discontinuity at about 4.5 s (4.2-4.8 s) and strong con− verted phases from the upper crust at about 1 s (0.8-1.3 s) on RFQ (Fig. 8) . The tan− gential receiver functions show strong signal and backazimuthal dependence. We can observe very strong converted phases on RFT generated in the upper crust at about 1 s, which change its sign with respect to the backazimuth (Fig. 8b) . Phases on the tangential receiver functions point to the existence of dipping discontinuities be− neath the station or anisotropy of the structure or both. These two effects have differ− ent influences on the backazimuthal variation of the tangential receiver functions. The preliminary investigation (based on Fig. 7c ) points to the existence of a dipping discontinuity (sediments−basement) in the south−west direction at the depth about 7 km beneath the HSPB station. We can observe also clear conversions on RFQ in time interval 13.8-14.8 s (positive amplitudes) and 17.5-19.5 s (negative amplitudes) associated with multi− ples from the Moho discontinuity and the free surface (Fig. 8a) . Using this infor− mation, we can estimate an average crustal Poisson's ratio s and Moho depth z m following the approach of Zhu and Kanamori (2000) . In a grid search over the s-z m space, we can determine the (s, z m ) pair, which is in closest agreement with the observed Ps, PsPmP+PpSmP and PsSmP waveforms. The method was found to be very sensitive to the average Poisson's ratio in the crust but it works only in the cases if a clear Moho conversion and their associated multiples are observed (e.g. Kumar et al. 2001 ). This could be achieved through low−pass filtering, which enhances the multiples through reduction of most of the incoherent (high−fre− quency) energy. For the stack of all events the average crustal Poisson's ratio is 0.269±0.021 and Moho depth is 31.8±1.3 km (Fig. 9 ). Calculations performed separately for events from the north−east and south−west backazimuths show that the average crustal Poisson's ratio is 0.259±0.028 and 0.279±0.007, respectively and the Moho depth is 32.1±1.5 km and 31.3±0.6 km, respectively. We can compare our results with a 2−D seismic model obtained along the profile Horsted'05 (Czuba et al. 2008) . The south−western part of this model is shown in Fig. 10 . Below station HSPB (at~75 km of profile) sedimentary layers with a P−wave velocity in the order of 5.3 km/s reach the depth of 5 km. The upper crustal layer with velocities 6.1-6.2 km/s dips down to 17 km. Below is the lower crust with velocities 6.7-7.1 km/s with variable thickness from 2-4 km at the ends of the pro− file and 17 km at 70 km of the model. The Moho depth in the SW part of the model shallows up to 14 km, while beneath the Polish Polar Station Hornsund it dips down to 33 km. Further to the East the model is rather simple, with two layers: in the upper crust P−wave velocity is in the order of 5.6-6.1 km/s, and in the lower crust a P−wave velocity is 6.1-6.2 km/s. There is no P−wave velocity higher than 6.5 km/s in the continental crust of central Spitsbergen. The P−wave velocity below the Moho inter− face is generally 8.05 km/s lowering to 7.95 km/s in the western part of the model. Additionally, an upper mantle reflector was found at a depth of about 40 km. The crustal structure beneath the HSPB station obtained from the deep seismic sounding investigation is complicated and azimuthally dependent, which is con− firmed by our receiver function study. The depth of the Moho discontinuity estimated from the Zhu and Kanamori method is close to the results obtained by Czuba et al. (2008) . The sediment−basement discontinuity is most probably not horizontal but dipping in a south−west direction (Fig. 10) . We are not able to see converted phases from the boundary between the upper and lower crust on the receiver function sec− tions, most probably they are covered by multiple phases from the sediment−base− ment discontinuity. The contrasts in the seismic velocity at the sediment−basement and the Moho discontinuities are the strongest, so phases converted from these boundaries are best visible on receiver function sections. Unfortunately, there are not yet enough teleseismic events from north−west and south−east directions to investi− gate in more detail the 3−D seismic structure beneath the HSPB station.
SKS phase splitting
The installation of a new broadband station at HSPB permits an insight into the anisotropy of the mantle beneath the station (Vinnik et al. 1992) , which was not possible with the earlier short period station data. However, the proximity of the sea and sea−related noise has limited the study to a few earthquakes with magni− tudes above 6.8 thus leaving 5 events, all from the Indonesia to Philippines region. The method used was similar to the one used by Wiejacz (2001) in a study of SKS splitting at broadband seismic stations in Poland, only the splitting algorithm that was part of the Seismic Handler program has been replaced by the shear wave splitting program of Ivan et al. (2008) . For calculation of the splitting parameters a standard third order Butterworth bandpass filter between 3 and 30 seconds was ap− plied to the seismic signals.
The fast directions of the split waves obtained from the 5 earthquake signals are in fair accord with each other, falling between 130.7°and 167.7°backazimuth -the results are presented in Table 1 , positions 24-28. The average of the estimated fast directions is 151.8 o with a standard error of 7.7°. The average fast direction is marked by thick blue bar on Fig. 1 and thick black bar Fig. 11 . The determined delay times dt between the "fast" and the "slow" SKS waves varies in a relatively broad range, from 0.08 to 1.12 s ( Fig. 11 ; Table 1), with an average of 0.68 s. The obtained azimuth of the fast split wave direction is parallel to the continent−ocean transition, and follows the direction of the Hornsund Fault. This result was not unexpected be− cause the fast wave direction has previously been observed parallel to the trend of the rift (e.g., Ethiopian Rift -Kendall et al. 2005) . The observed average time delay dt = 0.68 s between "fast" and "slow" directions can be explained by ca. 2% aniso− tropy in a 100-200 km thick layer in the mantle (e.g., Liu et al. 1995) . 
Conclusions
During 18 months of operation the new HSPB broadband seismic station in Southern Spitsbergen, Svalbard Archipelago provided teleseismic data for prelim− inary receiver function and SKS phase splitting studies. We have obtained some elements of the crustal and mantle structures: the depth of the Moho discontinuity (about 32 km) which is similar to previous studies; new features are the south−west inclined basement, the azimuth of the fast direction of SKS phase parallel to the continent−ocean transition (a = 151.8°) and the average time delay dt between "fast" and "slow" directions (0.68 s). However, to investigate in more detail the 3−D seismic structure beneath the station HSPB, a longer observation of tele− seismic events is necessary.
